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Abstract—Detailed description of land use/land cover change of 
China during the past hundred years not only help us understand 
the impacts of human-induced land use/land cover change on 
climate change and carbon cycles, but also reflect the true role of 
land use/land cover change of China in the global climate change. 
Hence, this article tries to propose a methodological framework on 
the reconstruction of China's higher temporal and spatial 
resolution of land use/land cover datasets. We take the existing 1 
km gird national land use/land cover raster datasets as a basis, 
make full use of the statistical data from land use survey and 
historical data since 1911, and collect topography, soil, climate, 
population, economy, policy as auxiliary data. And then establish a 
cellular automata model on GIS platform to calculate and 
distribute land use/land cover in the history times' year by year. 
Keywords-land use and land cover change; cellular automata; 
data fusion; historical reconstruction; climate change 
I. INTRODUCTION
Land use change, as one key element in global change 
research [1], has caused more and more attentions since the 
1990s, experts and scholars worldwide who invest a lot of energy 
contribute a very important research result. For example, in world 
land use/land cover mapping study, MODIS, AVHRR and 
SPOT-VGT data is the main source of data for the classification 
of land cover is further committed to improve the classification 
results in quality [2-4]. Taking data sharing and promote the 
research and learn from each other between the common progress 
into account, comparative analysis of different land cover data 
sets have also inspired enough attentions [5,6]. Latest 
information shows that  the MODIS global land cover data set 
updated a new version [7], mainly reflects in the improved spatial 
resolution from  1km to 500m, strengthens the ability to identify 
the town, deciduous conifer forests, wetlands, increase the 
accuracy of auxiliary data and reduces the instability of inter  
annual. 
In order to clarify impacts of land use change on regional and 
global climate change, land use/land cover data sets are widely 
used in simulation via climate system model [8,9], results show 
that the quality of land use needs a larger effort to improve, 
especially the reconstruction and further improvement of changes 
in vegetation cover data in the historical period. Currently, there 
are two sets of the world land-use history data sets, respectively, 
HYDE from the Netherlands Institute for Environmental Studies, 
and SAGE from University of Wisconsin. Temporal resolution of 
the two in modern times has reached 10 years, the spatial 
resolution of 5 minutes (8-10 km). They are mainly describing 
the farmland, pastures and the construction land. Both can reflect 
the global land use /land cover change trends, but the analog data 
of Chinese's region with the actual situation varies significantly. 
For instance, there is significant spatial distribution error and the 
total number in the Northeast on cropland reconstruction. 
Furthermore, it reflects the growth and spatial variation of a 
cultivated area also in the study area during the process of 
historical reclamation does not match each other [10]. 
In case of a true reflection of our nation land use in the global 
simulation, enhancing the spatial and temporal resolution of land 
use is imperative. This paper attempts to propose a 
methodological framework of china's land use and land cover 
historical reconstruction for last hundred years. This approach's 
core part is based on the cellular automata (CA) model of 
integrated GIS platform, make full use of the available and 
wealthy ancillary data and land use/land cover grid data sets and 
land use survey and statistical data, build a dynamic land use type 
transformation rules, calculate and distribute land use/land cover 
of China in the history period year by year from 1911 to 2010 on 
the special resolution 8-10 km. 
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II. LAND USE/LAND COVER CONCEPTS AND DATA
A. Land Use/Land Cover Concepts 
There are obvious differences and implicit links between the 
two concepts, land use and land cover. The inner link is that they 
are both a comprehensive concept of the earth surface. Difference 
is that the land-use focus on human activities intervention and 
influence on the Earth's surface, emphasizing the socio-economic 
attributes of land. While the land cover is characterized by more 
natural state of Earth's surface, such as the vegetation, water, ice 
and other natural cover, emphasizing the physical characteristics 
of the surface. 
Figure 1. The relationship between land use and land cover 
Therefore, the drive force factors of land use and land cover 
change, we considered can be divided into two categories: land 
use change we give greater consideration of social changes in the 
environment, such as population, resources, economy and science 
and technology and policy. But for land cover is concerned, our 
focus falls on the natural environment, such as temperature, 
precipitation, vegetation, soil and topography and other natural 
factors. However, we are not going to separate the two absolutely. 
The natural and social environment is a dynamic equilibrium 
process and intrinsically linked to each other. Because of this, 
researches difference on land use and land cover change is, in 
fact, difficult to distinguish. As shown above, in Fig. 1, there may 
be two ways in which land cover types transfer into and out, 
depending on the quantitative total internal and external factors' 
driving force direction. To land use, changes may be developing 
in two directions, one is accordance with the natural sound land 
use, the opposite one is a vicious violation of the laws of nature. 
For land use, its direction of development depends on the degree 
of cognitive on land cover and social development. 
B. Land Use/Land Cover Data 
According to the role of our collected data in the land 
use/land cover historical reconstruction, the data is divided into 
three categories. First, we put land use/land cover raster data set 
as the initial data or baseline data into a category A. Second, in 
category B, we choose land use surveys and statistical data and 
historical information as a basis for land use historical 
reconstruction or control data in number and spatial angle. Third, 
we consider the kinds of auxiliary data as the quantitative 
variables in the land use/land cover type conversion rules, and 
put them into a category C. 
A class data includes: The domestic part, Chinese four issues 
of land use raster datasets, and the description year is 1980s, 
1995, 2000 and 2005 respectively. Their spatial resolution is 1 
km, resources and environment classification system from 
Chinese Academy of Sciences. Data's quality is the best 
relatively. The abroad part is consisted of four sets land use data 
of 1km spatial resolution. They are from USGS, UMD, BU and 
GLC2000, and a spatial resolution of 300m from Globcover. 
Because part of the data as the initial data and the training data of 
transformation rules, their accuracy will be making direct impacts 
in the follow operations, it is necessary to clarify the data quality. 
We make a summary on this existing land use raster datasets in 
classification system, classification methods, data sources and 
precision of self-evaluation in TABLE I. 
Found by the initial comparative analysis of existing data sets, 
the time span was relatively short, cannot reflect the long period 
of surface conditions. In contrast, development of data sets of 
high resolution input data, classification and verification makes 
field surveys more accurate data; However, because the purpose 
of our research is land resources survey, and the land surface 
types differ from  the climate model, but it is most in line with 
our actual situation.   
B class data primarily obtains from the following sources. 
They respectively are National Bureau of Statistic data from 1949 
to 2010, Ministry of Land and Resources surveys and statistics 
data from 1994 to 2010. And others are State Forestry 
Administration data from 2001 to 2010 and seven time intervals 
of inventory data on national forest resource, Ministry of 
Agriculture land survey data from 1990 to 2010, and some other 
authoritative department of land resources and local statistical 
data and several relevant historical research data in Republic of 
China's period. As we all known, these data from different 
sectors mainly used as number control of land use in historical 
period, and spatial distribution of control in the administrative 
units' scale, most at the provincial level. Not only the existing 
data itself need to be corrected and time series' reconstruction, in 
order to more rational allocation of space, the data remains 
encrypted in local scale. 
C class data can be further broken down into three specific 
categories: (1) natural factor categories: terrain data, 1 km re-
sampled SRTM data, climate data, 1 km grid data of national 
average data for years in various climate factors, topographic data, 
China topographic data, Chinese land-use zoning data (1996). (2) 
socio-economic categories: the national 1km grid population data 
(1995, 2000, 2003), the National 1km grid GDP data (1995, 2000, 
2003). (3) Thematic data: national main forest type data (1970s-
1990s), China's swamp distribution data, national grassland 
resource data in 1980s on sub-county scale, China sub-city urban 
building databases from 9 to1998. The various types of auxiliary 
data mainly used to implement land-use change spatial and 
temporal distribution of driving factors. Some data can also be used to control the number of historical inversion. 
TABLE I. LAND USE AND LAND COVER DATASETS
Data Products USGS/ UMD BU GLC2000/ Globcover CAS-LUCC
Classification Systems IGBP/ IGBP-S IGBP LCCS China land sources classification
Data Source Composited 
AVHRR NDVI 
time series 
data:1992-1993
MODIS land cover 
product (MOD12): 
2000-2001
SPOT Vegetation sensor 
data:1999-2000/300 m 
resolution ENVISAT-
MERIS data:2004-2006
30m Land sat TM 
data:1980s,1995,2000
Classify Methods Non-supervised 
classification 
combined with 
manual 
interpretation/
Supervised 
classification tree 
algorithm
Neural networks 
combined with 
decision tree 
algorithm
Divided into 19 regions,30 
partners produced with the 
unsupervised classification 
and supervised 
classification jointly/
Divide into 22 eco-climatic 
zones, use the multi-
dimensional iterative 
clustering method
Artificial
interpretation, merge
class
Self-Precise Evaluate Assessment of a 
small number of 
sample accuracy, 
the overall 
statistical accuracy 
is 66.9%
Assessment of a 
small number of 
sample accuracy, 
the overall 
statistical accuracy 
is 78.3%
558 sampling points, the 
overall statistical accuracy 
is 68.6%/
16 experts in the world, 
validation 3000 points, the 
overall statistical accuracy 
is 73%
Field validation, statistics 
qualitative accuracy is 
above 80%, some of them 
can achieve 90%
C. Overview of Global Historical Land Use Data Sets 
Currently, there are mainly two major global historical data 
sets of land use, which are widely used in the simulation of 
regional and global climate models. The existing global data set 
of land use history has a big error in our nation area, largely due 
to land use data are derived from the population, consumption, 
production and other socio-economic parameters indirectly. 
There are many assumptions in the reasoning process, an increase 
of subjective data set. In addition, the extraction processes about 
modern cropland based on remote sensing data and historical 
inversion methods is not perfect. First of all, we analyze the 
following existing worldwide land use datasets covers past times, 
including the temporal and spatial span, spatial and temporal 
resolution, land use types, data sources and methods, the 
characteristics of reconstruction [11-13]. On this basis, 
improvement and deficiencies of this study can be seen by 
comparison in TABLE II. 
It is not difficult to find that the existing global data set of 
land use history has achieved gratifying results. HYDE is 
extended to the temporal span of the past 12,000 years. The 
spatial resolution has reached 8-10km. However, because of lack 
of detailed and accurate data sources, in terms of lack of 
consideration of reconstruction of land use change driving factors, 
and the global regional differences and other reasons, resulting in 
the accuracy of data sets are still big gap. Our job is to give full 
play to the unique advantages of the data resources, and the 
reconstruction method of land use change process through the 
integration of multiple successful applications to achieve the 
historical land use datasets improvement. Similar studies in other 
countries and regions have also been done [14,15]. 
TABLE II. GLOBAL DATA SET OF LAND USE HISTORY
Data Products HYDE SAGE
Temporal and 
Spatial Span Global, Past 12000 years Global, 1700-1992
Temporal and 
Spatial 
Resolution
5' latitude and longitude 
grid, 10 years after 
1700AD
5' latitude and longitude grid, 
10 years after 1700AD
Land Use Type Cropland, Pasture Cropland
Data Source
United Nations 
demographic data revision 
to the modern population 
density map (1994),
United Nations Statistics 
Data,
National census data and 
related research.
Base year 1992 is based on 
AVHRR 1km and FAO 
spatial distribution of 
cropland, Historical cropland 
inventory data, Spatial scale 
for the national scale or sub-
national scales, lack of time 
using the linear interpolation
Reconstruction 
Method Based on the United 
Nations statistics, national 
census data and related 
studies, revised the 
modern population density 
map (1994) by the United 
Nations Population 
Statistics data, established 
the historical population 
density maps,   distributed 
historical statistics unit of 
cropland with the 
population density of 
weight
Using remote sensing 
material to establish modern 
cropland distribution map, 
collecting history farming 
data according to 
administrative unit, calculates 
each statistical unit's 
historical cropland cover ratio 
map, modern high resolution 
cropland distribution 
multiplied by history covering 
ratio figure cropland, obtain 
the history cropland data of 
geographical attribute
III. METHOD OF RECONSTRUCTION OF HISTORICAL LAND USE 
AND LAND COVER
From the above analysis of land use/land cover data sets, we 
can obtain such a fundamental conclusion, namely, how to 
improve land use/land cover is the key to enhance the accuracy of 
the land use datasets during the historical period. Through data 
fusion, we can extract information what we really need from 
wealthy information about the land cover type, further put this 
data into land use data with higher spatial resolution to complete 
preparation of baseline data. And finally we are able to improve 
the accuracy of historical land use datasets. 
Because of the vast and diversity of China, detailed study of 
driving factors needs to take different time periods geographic 
area and land use type as principles. However, among the various 
land use types, farmland, woodland, grassland and urban land use, 
has been the focus. Many different perspectives research, to some 
extent, the conclusion is consistent under natural systems and 
social system change. For example, urban construction land 
expansion has a strong relationship with the cropland decrease, 
land reclamation phenomenon, the pressure of economic growth, 
the impact of macroeconomic policies and so on [16-18].  
Through the systematic collection, collation and calibration of 
the Republic of China and land-use survey, census and remote 
sensing data after 1949, mainly includes farmland, woodland, 
grassland, residential construction and land use statistics, and a 
relatively detailed data plus comparative analysis reveals China’s 
historical land use change since the 20th century basically. 
Among them, it is still a problem that traditional statistical 
methods to calculate the Republic of farmland data. The impact 
of population growth, food production, changes in government 
policies in the early 20th century should be greater social and 
economic factors. We find that general practice to the historical 
data is the re-classification in data processing, and re-
classification method is usually moving closer to the relatively 
new era as baseline data. For the missing year's data interpolate 
through equations based on historical trends. And for data from 
different sources during the same period, the first analysis the 
correlation, and then make some compromise or more reasonable 
methods, such as revisions to historical data and multi-source 
data in the relational model checking land combining to amend 
and assimilation of treatment [19].  
The existing simulation methods of land use change have the 
following characteristics. Generally speaking, they may take 
cellular automata theory as the foundation [20], integrating a
variety of dynamic forecasting models and GIS technology 
platforms and methods, considering the factors of land use 
change in multiple perspectives, simulating changes in land use  
more approximately and ideally. In particular, it is most widely 
used in urban simulation. Land use conversion rules coming out 
of the use of data mining, neural network methods or other 
artificial intelligence technology and remote sensing data from 
the GIS knowledge discovery, automatic conversion to find CA 
rules, can greatly shorten the time needed to model and improve 
the simulation results [21]. In order to increase simulation 
accuracy, the idea and technical route are worth learning. The 
comprehensive consideration of overall demand for macro and 
micro land use suitability and the advantages of using integrated 
multiple models should be the trend of development in the future 
[22-24]. For example, based on past and current land use status, 
considering the biophysical and socio-economic factors, using 
CLUE model to simulate future land use change, can be well 
balanced multi-scale top-down and bottom-up when two-way 
transfer impacts [25]. 
Figure 2. Methodological framework of china's land use and land cover 
historical reconstruction 
Based on the preceding analysis, we try to propose a 
methodological framework of china's land use and land cover 
historical reconstruction from 1911 to 2010 yearly, divide into 
five parts as shown above, in Fig. 2. Box 1, the integration of 
Chinese land-use data and the international land cover data, the 
core purpose is to obtain a high spatial accuracy and rich surface 
type of land use and land cover comprehensive raster datasets, as 
the first step of reconstructing of the process. Box 2, the main 
work is to get grid of driving forces of land use change based on 
the multi-data sources of auxiliary data. It is the foundation of 
changes in land cover type spatial distribution, but also reflects 
the flexibility of transformation rules. Box 3, it is very important 
to complete correction and reconstruction of surveys and 
statistical data time series of land use in China, taking data from 
varied sources, different statistical standards and the lack of the 
Republic of data into account, the need for data recovery and 
time to complete the past hundred years of interpolation of 
statistical data sequence. Box 4, to construct the land use change 
historical inversion integrated with the GIS technology platform. 
The front work provides the original input data for the CA model 
based on annual data and control conditions inversion, and 
ultimately gets the yearly land use/land cover raster data series. 
Box 5, through scale generalize and type convention to get 
Chinese land use and land cover raster datasets, which is suitable 
for climate models. 
Specific method is as follows:  
 Step 1-1, integration of land use and land cover datasets: 
Intercept global land cover data set of China's section.  
Match the time between land use raster data and land 
cover raster data. Fuse the spatial information of our 
country land use data and type information of global land 
cover, get comprehensive land use and land cover raster 
data sets, which is more accurate with spatial resolution 
and abundant with the surface cover type. 
 Steps 1-2, transfer driving force variables of land use 
change into spatial grids: First, we transform multi-
source auxiliary data into spatial raster. Second, 
summary results of previous studies, figure out the 
quantitative principles of changes in driving force 
variables of land use. Third, through the overlap of 
integrated multi-source auxiliary data, establish a sub-
periods, sub-regional and sub-type combined driving 
force variable rules of land use change.
 Steps 1-3, the revision and time series serialization of 
China land use surveys and statistical data and historical 
information over the past hundred year: On the one hand, 
statistical data from multiple sources within the data 
check and then remove data outliers. On the other hand, 
put different kinds of statistical data on the standard 
normalized operation. For data of the missing year, using 
interpolation method and joint historical data and 
previous research results, acquire and reconstruct time 
series based on the collected data.
 Step 2, land use/land cover historical reconstruction: 
Take the existing land use and land cover raster datasets 
as the foundation. Standardized statistical data and 
surveys data used as the spatial distribution and number 
balance and control factors of the historical 
reconstruction. Based on GIS platform, using the cellular 
automata (CA) model approach, according to the training 
and optimization rules of driving forces, back stepping 
China's surface coverage data sets caused by the change 
of land use during the past hundred years annually. 
 Step 3, scale synthesis and type conversion: Land cover 
types derived from the previous data set by scale 
integrated (from the 1 km grid extended to 8-10km) and 
coordinate system conversion (Cartesian coordinate 
system is converted to latitude and longitude coordinates) 
obtained 5' latitude and longitude grid. We derive from 
the front land cover types datasets and combine and split 
(from 1 to 1, or 1 to n, or n to 1) to get converted types to 
meet land cover types of the climate system model. 
IV. CONCLUSION AND DISCUSSION
This article aims to describe land use history for last hundred 
years precisely, with more accurate spatial and temporal 
resolution like time resolution of inter-annual variation and a 
spatial resolution of 8-10 km grid. According to the historical 
reconstruction of land use/land cover, we put emphasis on the 
original land-use surveys and statistical data instead model 
forecasts. Take our extended national land use/land cover raster 
datasets which is obtained by data fusion as the basis, drawing on 
the idea of land use change models and methods, refer to the 
domestic and international successful experience of land use 
historical inversion. Based on the statistical data and land use 
raster data, make use of CA model to build the back stepping 
year by year methodology. In accordance with the sub-periods, 
sub-regional and category-based three-dimensional driving force 
analysis mode of land use change, classify and sort the collection 
of multi-source auxiliary data, and complete a specific 
combination of a comprehensive database. 
Improvements of this study are as follows: 
 We adopt more reliable baseline data. On the one hand, 
the land use raster data derive from the 30m LANDSAT 
images. Its spatial resolution is higher than MODIS and 
AVHRR. On the other hand, land cover datasets has rich 
vegetation types. After data fusion, it is more in line with 
climate model requirements. 
 The auxiliary data is more comprehensive and detailed, 
includes natural environment and social environment 
data of China, and can describe the various aspects of 
land use driving factors in more details.  
 The invention data of land use history is more systematic 
and authoritative. The survey and statistic data since 
1911, as first-hand information, ensure the consistency of 
spatial pattern and the number of control. 
 We pursue higher utilization efficiency of our collected 
data. Try to integrate land use data from CAS and land 
cover data from global datasets, access to high-precision 
and multi-types of land surface types.  
 The approach, historical reconstruction of land use, is 
more flexible and accurate. Pursuant to different time 
periods, sub-regional and sub-themes of the driving 
mechanism of land use change, we are able to address the 
shortcomings of the ideal assumptions further. 
Inadequacies of this study in the following points:  
 Data's quality should be improved. Both of synthetic land 
use and land cover datasets and statistical data sets have 
greater uncertainty. Data's fusion doesn't improve spatial 
resolution, and just do the interaction between the 
conversion and type of spatial distribution control. 
Historical period data may be due to the different 
definitions of land use investigation and the lack of direct 
cause data biggish error. 
 The transition rules of cellular automata simulation of the 
setting will determine the spatial and temporal patterns, 
and there is still uncertainty in our conversion rules 
caused by some simplifying assumptions, but also some 
of the data do not really play a role.  
 Error produced in the dimension synthesis and type 
conversion process did not begin the in-depth discussion, 
which also affects the final quality of the data set. 
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